Fluid mixing models were identified by measurement of the step response in shallow beds. Otake and Kunugita4) have already shown that a tube bundle bed can be used as a two-dimensional model of beads packed bed. In the present investigation, a tube bundle bed of two arrays of five cylinders was constructed as a most simplified shallow bed, as shown in Fig. 1 . Minimum clearances to flow direction, dmln, were selected as 1, 2, 4, 8 and 16mm. The step response with four series of voids was observed.
Fluid mixing models were identified by measurement of the step response in shallow beds. Otake and Kunugita4) have already shown that a tube bundle bed can be used as a two-dimensional model of beads packed bed. In the present investigation, a tube bundle bed of two arrays of five cylinders was constructed as a most simplified shallow bed, as shown in Fig. 1 . Minimum clearances to flow direction, dmln, were selected as 1, 2, 4, 8 and 16mm. The step response with four series of voids was observed.
Step-wise (not perfectly step-shaped) concentration changes both at the first void Met and fourth void outlet were detected by electric conductivity measurement, whenstep change in concentration was imposed on the fluid at the upstream flow distributor. The concentration change was given by a seven-wayswitch cock made of Pyrex glass, specially designed for this purpose (see Fig. 2 ). Two fluids, distilled water at 25±0.2°C containing, respectively, 0.02 N and 0.04 N hydrochloric acid, were switched by the cock to select either, and to give step-wise concentration change. Concentration was detected by electric conductivity cells of 0.5 mmplatinum wires attached around the inner surface of the cylinder walls. To avoid polarization at the cells and to eliminate mutual interference between the two sets of cells, regulated currents of 1 KHzand 10KHzaudio frequencies were used. The method of converting from conductivity to concentration was almost the same as was used by Cairns and Prausnitz2}. The signals were powered by two sets of amplifiers and were observed as step-wise concentration changes (or responses) by a two-channel pen recorder. The two recorded step-wise responses were proposed by a digital computer with step-testing algorithm, which had been developed elsewhere7),
and were converted to a step response curve (or residence time curve) for only four voids space to be tested, via frequency domain.
Step response curve wasalso measuredfor a long bed, packed with 3 mmdiameter glass beads. The bed Received December 12, 1977 . Correspondence concerning this article should be addressed to K. Kubo and A. Mishima, Dept. ofInd. Chem., Osaka Prefectural Technical College, Neyagawa 572. 234 (see Fig. 3 ) was 55mm in diameter, and 300mm
(/*/</,=300/3=100) in length of packed section to be tested for its axial mixing. The electric conductivity cells of 0.5mm platinum wires were set at two boundary cross sections (XY's) for detection of average concentration change. A specially designed flow distributor was used that ensured uniform flow rates across the bed cross-section.
This uniformity was checked by direct anemometer measurements.
Step responses for this long bed were observed by the same system and algorithm used for the shallow Having been expected from the photographic observation of flow pattern1\ the SD model and the SMmodel, respectively, fit better with experiments in laminar region and at transition regime, especially for shallow beds. In Table 1 , maximumerror (|z/Cexp-iCcal| x 100) for the dispersion model (ODDmodel) and series tank model (ST model) is large. This error is mostly detected at the start-up part or long tailing part of step response curve. The side pocket-type models are shown to be able to describe the steep start-up part and long tailing part of experimental responses, and to have less error. As for the long bed, all the models show a good fit with experiment, though a little difference between the experiments and models is observed at start-up and tailing parts of the step response. The SDdist and SMdist models were used for the identi- side-mixing parameter in SMdist model Peclet number (= uJx/E) Reynolds number based on dp and ut ( = dpuip//i) interstitial linear velocity [-] [-]
[-]
[-] [-] from the mean, in terms ofr, 2nd moment [-1 Literature Cited 1) Aratani, T., K. Kubo, A. Mishima and T. Yano: /. Chem. Eng. Japan, 9, 334 (1976) .
2) Cairns, E. J. and J. M. Prausnitz: Chem. Eng. Set, 12, 20 (1960 The removal of sulfur dioxide from gas mixtures by contacting the gases with an aqueous alkaline solution is an important industrial absorption process for control of air pollution. In a previous paper3), we reported results of the study of the absorption of sulfur dioxide in aqueous sodium hydroxide and sodium sulfite solutions. In the present work, the kinetics of absorption of sulfur dioxide into aqueous ammonia and ammoniumsulfite solutions was studied.
Chemical Absorption Mechanism
When sulfur dioxide is absorbed into aqueous ammoniasolutions, the following two reactions may take place in the liquid phase:
The values of the equilibrium constants for reactions (1) and (2), Kx and K2, are 3.1xlO7 and 1.1xlO2, respectively, at 25°C and at infinite dilution. Reaction (1) may be considered to be very fast. Reaction
(2) has a very muchhigher rate constant than reaction (1), since it is a proton transfer reaction. Thus, both
reactions (1) and (2) followed by reaction (2). Thus, the overall reaction is SO2+2NH3+H2O > 2NH++SO23-(3) In aqueous ammoniumsulfite solutions, ammonia is formed according to the instantaneous reversible reaction NHf+SOi"^± NH3+HSO3-(4) which is the reverse reaction of(2). Thus, the overall reaction in this case is SO2+SOr +H2O > 2HSO3-(5) Therefore, the reactions which affect the rate of absorption of sulfur dioxide into aqueous solutions of ammonia and ammoniumsulfite are reaction (2) and the forward part of reaction (1).
As described above, the values of Kx and K2, and their ratio KJK2 (which is equal to 2.8 x 105) are very large. Therefore, the chemical absorption theory
proposed by Hikita et al.1] for absorption accompanied by a two-step instantaneous reaction maybe applicable to the present system. According to the theory, the concentration profiles of each species for the SO2-NH3 and SO2-SO3~systems will be similar to those shown in Figs. 1 (a) and 1 (b). In the case of the SO2-NH3system, the two-reaction plane model is applicable and the irreversible reactions (5) and (2) maytake place at the first and second
